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Description 

[0001] The present invention is related to a hub unit 
with a rotating speed sensor which is used to rotatably 
support an automobile wheel with a suspension appa- 
ratus, while it is used to detect the rotation speed (rpm) 
of the wheel. 

Description of the Related Art 

[0002] A hub unit with rotation speed (rpm) sensor 
that is used to rotatably support an automobile wheel 
with respectto a suspension apparatus, and that is used 
to control an anti-lock brake system (ABS) or traction- 
control system (TCS) by detecting the rotation speed 
(rpm) of the wheel, has been disclosed in U.S. Patent 
No. 4,907,445 as shown in Fig.1 . 
[0003] The hub unit with rpm sensor shown in Flg.1 
comprises a hub 3 that has a flange section 1 located 
on its axially outer end (left end In Fig.1) to secure the 
automobile wheel (not shown) and a first inner raceway 
2a located around the outside peripheral surface in the 
center of the hub 3, an inner ring member 4 that is fitted 
around the outside peripheral surface in the center of 
this hub 3 and has a second inner raceway 2b around 
its outside peripheral surface, a nut 6 that is screwed 
onto a male screw portion 1 6 formed on the outside pe- 
ripheral surface of the axially inner end (the right end in 
Fig. 1 ) of the hub 3 so as to press against the axially inner 
end face of the inner ring member 4 and to secure this 
inner ring member 4 to a prescribed location on the out- 
side peripheral surface of the hub 3, an outer ring mem- 
ber 9 that has outer raceways 8a, 8b in rows around Its 
inside peripheral surface and a mount section 7 around 
its outside peripheral surface for securing it to the sus- 
pension apparatus (not shown in the figures), and a plu- 
rality of rolling bodies or members 10 that are located 
between the hub 3 and the outer ring member 9. Thus, 
the hub 3, to which the automobile wheel (not shown) is 
secured, is rotatably supported inside the outer ring 
member 9 that Is supported by the suspension appara- 
tus. 

[0004] In Fig.1 , there is a cylindrical tone wheel 29 se- 
curely fitted around the axially inner half (right half in Fig. 
1) of the inner ring member 4. An uneven section 12 is 
formed on the axially inner end face of the tone wheel 
29 (this is the end surface facing inward in a widthwise 
direction when installed in the vehicle; the right end face 
in Fig.1) and the magnetic characteristics of this end 
face change, alternating at equal intervals around the 
tone wheel 29 In the circumferential direction. IVloreover, 
a cover 34 covers the opening on the axially inner end 
of the outer ring member 9. Provided in this cover 13 Is 
a sensor 35 whose axially outer end face is opposed to 
the uneven section 1 2 of the tone wheel 29. 
[0005] When using the hub unit with rpm detector con- 
structed as described above in Fig.1, the automobile 
wheel (not shown) secured to the flange section 1 



fomried on the axially outer end of the hub 3 is supported 
so that it rotates freely with respect to the suspension 
apparatus (not shown) to which the outer ring member 
9 is supported. Also, as the tone wheel 29 secured 

s around the Inner ring member 4 rotates as the automo- 
bile wheel rotates, the output of the sensor 35, which Is 
faced to the uneven section 1 2 formed on the axially in- 
ner end of the tone wheel 29, changes. The frequency 
at which the output of the sensor 35 changes is propor- 

10 tionai to the rotation speed (rpm) of the automobile 
wheel, and therefore if the output signal from the sensor 
35 is input Into a controller (not shown), the rotation 
speed (rpm) of the wheel can be used to adequately 
control an ABS or TCS. 

15 [0006] The prior art hub unit with rpm detector as de- 
scribed above has problems that must be solved. 
[0007] Specifically, it is difficult to make it compact in 
size, therefore the type of vehicle that it can be installed 
in Is limited to comparatively large-sized automobiles. 

20 In other words, because the sensor 35 to detect the ro- 
tation speed (rpm) of the automobile wheel is axially 
faced to the uneven surface 12 formed on the axially 
inner end face of the tone wheel 29, large dimensions 
in the axial direction of the rpm detection section could 

25 not be avoided. 

[0008] Especially in the case of a relatively Inexpen- 
sive device, simple magnetic material (not permanent 
magnetic material) is used for the tone wheel 29, and a 
so-called passive type sensor having a coil wound 

30 around a magnetic core is used as the sensor 35 facing 
this tone wheel 29. In the case of this passive sensor 
35, in order to maintain the output of the sensor 35, the 
dimensions of the sensor 35 in the axial direction be- 
come somewhat large. As a result, the axial dimension 

35 of the hub unit with rpm detector is increased in the axial 
direction. 

[0009] Besides the hub unit with rpm detector de- 
scribed above, the structures disclosed In Japanese 
Patent First Publication KOKAI No. HI -175502 and in 

40 Japanese Utility Model First Publication KOKAI No. 
H3-99676 have also been known. 
[0010] In the constructions described in No. 
H3-99676 and No. HI -175502 mentioned above, the 
magnetic characteristics of the inside or outside periph- 

-^5 eral surface of the tone wheel changes in the circumfer- 
ential direction, and the detection section of the sensor 
is faced to the inside or outside peripheral surface of the 
tone wheel. However, in the case of the construction de- 
scribed in these publications, the core material of the 

50 passive type sensor is placed in the axial direction, and 
so it is desirable to make it more compact. 
[0011] Furthermore, in Japanese Utility Model First 
Publication KOKAI No. H4-36121 , the tone wheel, which 
rotates together with the outer ring member, is con- 

55 structed so that its inside peripheral surface Is faced to 
the sensor. However, in this case, the construction to 
which the tone wheel is applied differs from the con- 
struction In the present Invention, and the conditions of 
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its use are limited. 

[0012] In European Patent Publication No. 
0426298A1 , a structure is disclosed where the tone 
wheel secured to the end portion of the hub Is rotatable 
with the automobile wheel and its outer peripheral sur- 5 
face Is faced to the Inner peripheral surface of the an- 
nular sensor which is supported by the cover fittingly 
fixed to the outer ring member. 
[0013] In this structure, the inner ring member Is fitted 
onto the hub, and the tone wheel and a stop ring to pre- 
vent the Inner ring member from being removed from 
there are provided in series in the axial direction of the 
hub. Since the sensor is of an annular shape, the sensor 
output can be increased. On the other hand, the instal- 
lation space for the tone wheel must be large, so that 
compacting is difficult. 

[0014] In order to reduce the dimensions of the hub 
unit in the axial direction, so that it is possible to install 
the hub unit in compact-sized automobiles having limit- 
ed Installation space, and thus simplifying the design of 
the vehicle, the hub unit with rpm sensor as shown in 
Figs.2 and 3. is disclosed in the copending Japanese 
patent application under No. H5-48365, which is here- 
inafter referred to as the previous invention. A hub 3 is 
fomned with a flange section 1 on the outside peripheral 
surface of the axially outer end (this is the end that faces 
outward when installed in the vehicle; the left end in Fig. 
2) of the hub 3 for securing the automobile wheel (not 
shown). There Is a first inner raceway 2a and stepped 
section 1 5 formed around the outside peripheral surface 
in the middle portion of the hub 3. 
[0015] Furthermore, an inner ring member 4 having a 
second inner raceway 2b f onned around its outside pe- 
ripheral surface, is fitted, for supporting, around the out- 
side peripheral surface of the hub 3, and its axially outer 
end (left end in Fig.2) comes into contact with the 
stepped section 15. 

[0016] Incidentally, In place of forming the first inner 
raceway 2a directly on the outside peripheral surface of 
the hub 3, it is possible to form it on another inner ring 
member (not shown in the figure) that is separate from 
the hub 3, and this another Inner ring member and the 
inner ring member 4 can both be secured around the 
outside peripheral surface of the hub 3. 
[0017] There is a male screw portion 16 fonned 
around the axially inner end portion (the portion located 
on the inside in the width direction when installed In the 
vehicle; right side in Flg.2) of the hub 3. A nut 6 screws 
on to this male screw portion 16, and by tightening it, 
the inner ring member 4 is secured in a prescribed place 
around the outside peripheral surface of the hub 3. A 
mount section 7 is formed around the outside peripheral 
surface In the middle portion of an outer ring member 9 
that is located around the hub 3, and It is used to secure 
the outer ring member 9 to the suspension apparatus 
(not shown). 

[0018] Moreover, there are outer raceways 8a, 8b 
formed around the inside peripheral surface of the outer 



ring member 9 and faced to the first and second inner 
raceways 2a, 2b, respectively. 
[0019] Also, there are a plurality of rolling bodies or 
members 1 0 located between the first and second inner 
raceways 2a, 2b and the outer raceways 8a, 8b, and 
they allow the hub 3 to freely rotate inside the outer ring 
member 9. 

[0020] The "inner raceway" and "outer raceway" are 
also refen'ed to as "inner ring raceway" and "outer ring 
raceway". 

[0021] Furthennore, there Is a seal ring 17 between 
the inside peripheral surface on the axially outer end of 
the outer ring member 9 and the outside peripheral sur- 
face of the hub 3, so that it closes off the opening on the 
axially outer end of the space where the rolling bodies 
or members 10 are located between the inside periph- 
eral surface of the outer ring member 9 and the outside 
peripheral surface of the hub 3. 
[0022] Also, onthe axially inner end of the hubs, there 
is a cylindrical end section 22 with constant diameter 
located further axially inward than the male screw sec- 
tion 16, and formed to stick out from the axially inner 
end of the nut 6, so that a tone wheel 29 is supported 
by this cylindrical end section 22. The outer diameter of 
the cylindrical end section 22 is smaller than the groove 
or bottom diameter of the male screw 1 6. 
[0023] The tone wheel 29 is made of magnetic sheet 
metal such as steel sheet that is fonned by pressing, 
drawing, or another plastic wori<ing. This tone wheel 29 
comprises an inner cylindrical section 19 with a smaller 
diameter, an outer cylindrical section 20 with a larger 
diameter that is concentric with the inner cylindrical sec- 
tion 1 9, and an annular section 21 that connects the two 
cylindrical sections 1 9 and 20. The tone wheel 29 Is gen- 
erally circular and has a cross-section that is crank- 
shaped. 

[0024] There are a plurality of through-holes 33 that 
penetrate the outer cylindrical section 20, and by evenly 
spacing these through-holes 33 in the circumferential di- 
rection, the magnetic characteristics of the outside pe- 
ripheral surface of the outer cylindrical section 20 are 
changed, alternatively at equal intervals in the circum- 
ferential direction. 

[0025] The inner cylindrical section 19 of this tone 
wheel 29 is fitted around and secured to the cylindrical 
end section 22 formed on the axially inner end of the 
hub 3. With the tone wheel 29 secured to the hub 3 in 
this manner, the outer cylindrical section 20 is located 
around the nut 6. 

[0026] Also, by closing off the opening on the axially 
inner end of the outer ring member 9 with a cover 34, it 
is possible to prevent dust or water from getting inside 
the outer ring member 9 through the opening. This cover 
34 is made of sheet metal such as stainless steel and 
is fonned by a processing method such as drawing. 
[0027] The axially outer end (left end in Figs.1 and 2) 
of this cover 34 has an opening. Provided on the outside 
peripheral surface of the axially outer end nearthe open- 
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ing of the cover 34 is a protruding support section 25 
that is flange shaped. The outer diameter of the axially 
outer end of the cover 34 in a free state Is the sanne or 
a little larger than the inner diameter of the opening In 
the axially inner end face of the outer ring member 9. As 
a result, the axially outer end of the cover 34 near the 
opening is fitted into the opening on the axially inner end 
of the outer ring member 9, so that the protruding sup- 
port section 25 comes into contact with the axially inner 
end face of the outer ring member 9. 
[0028] Moreover, a passive-type sensor 35 is fas- 
tened and secured at a prescribed location inside this 
cover 34. The output signal of this sensor 35 is fetched 
from the lead wires (not shown in the figure) connected 
to the connector 26 located on the outside surface of the 
cover 34. The detection section 27 of the sensor 35 is 
faced inward in the radial direction of the cover 34. With 
the cover 34 securely fitted into the axially inner end of 
the outer ring member 9, this detection section 27 is 
faced to the outside peripheral surface of the outer cy- 
lindrical section 20, and Is separated by a small gap or 
clearance 28 of 0.6 to 1 .0 mm. 
[0029] Furthenmore, the core material of the sensor 
35 is arranged so that it runs in the circumferential di- 
rection of the tone wheel 29 (front to back in Figs.2 and 
3). At least one end of this core material is bent inward 
in the radial direction to fomi the detection section 27, 
and it is very close to and faced to the outside peripheral 
surface of the tone wheel 29. 
[0030] The hub unit with rpm sensor of this previous 
Invention, constructed as described above, supports the 
automobile wheel so that it rotates freely with respect to 
the suspension apparatus, and its function In detecting 
the rotation speed (rpm) of the automobile wheel at- 
tached to the flange section 1 of the hub 3 Is substan- 
tially the same as the prior art hub units with rpm sensor 
previously mentioned. 

[0031] In the hub unit with rpm sensor of this previous 
invention, the sensor 35 of the passive type having a 
larger axial length is located on the radially outside of 
the tone wheel 29, and elongated in the circumferential 
direction, so that the dimensions of the hub unit with rpm 
sensor are reduced in both the axial and radial direc- 
tions, making it possible to be installed a limited space 
in compact-sized automobiles etc. 
[0032] The hub unit with rpm sensor constructed as 
described in the previous Invention reduces its size in 
the axial direction, making it possible to install in com- 
pact automobiles etc. with limited installation space, and 
simplifying the vehicle design, when compared to the 
prior art constructions. But, it Is still desired that the fol- 
lowing points be improved. 

[0033] In other words, it is desired that the output of 
the sensor 35 is raised (the change in output voltage is 
made larger) in order that the rotation speed (rpm) of 
the automobile wheel fastened to the hub 3 can be de- 
tected correctly. On the other hand, in order to amplify 
the output of the passive sensor 35 due to the change 



in voltage that accompanies the change In density of the 
magnetic flux that passes through the yoke or stator. the 
size of the sensor 35 must be increased, or the density 
of the magnetic flux of the pemnanent (magnetic force) 

5 installed In the sensor must be increased. 

[0034] The space that the sensor 35 can be installed 
in is limited, therefore the amount that the size of the 
sensor 35 can be increased is also limited. In addition, 
the amount that the density of the magnetic flux of the 

10 permanent magnet can be increased is also limited, and 
even if a permanent magnet with a high magnetic flux 
density is installed in the sensor 35, whose yoke or pole 
piece has only a small cross-section, the magnetic flux 
becomes easily saturated In the yoke or pole piece. If 

15 the magnetic flux becomes saturated, the output of the 
sensor 35 is reduced. 

[0035] In the structure as disclosed in European Pat- 
ent publication No. EP-A-0 426 298, since the sensor is 
of an annular shape, the saturation in magnetic flux 

20 leading to the output reduction hardly occurs. On the 
other hand, since the axial dimension Is inclined to be 
larger, there are problems in practical use of the hub unit 
with rpm sensor in the compact cars in which the instal- 
lation space Is limited. 

25 [0036] EP-A-C557931 discloses a device for measur- 
ing rotational speed of two relatively rotating members. 
The device comprises a sensor or a coil connected to 
an electronic control unit and magnetically coupled to a 
rotating part or phonic wheel. The coil is positioned 

30 against a magnetized ring and fixed together with it onto 
the fixed part of the vehicle. The wheel consists of a 
toothed or apertured metal ring arranged on the rotating 
element which is to be monitored, such that Its toothed 
or apertured part faces the poles of the magnetized ring. 

55 This ring is advantageously magnetized with alternate 
poles on its inner surface. Since a multi-pole magnet- 
ized ring is used in this structure, there is a cost problem 
of a magnetizing yoke. So, the manufacturing cost of the 
sensor increases due to manufacturing equipment of 

40 magnetizing yoke. 

Summary of the Invention 

[0037] The present invention is to provide a hub unit 
45 with rpm sensor taking into consideration the problems 
as mentioned above. 

[0038] With the hub unit with rpm detector in this in- 
vention, the sensor can be installed In a limited space, 
and the output of the sensor can be made sufficiently 
so large, thus making it possible to accurately detect the 
rotation speed (rpm) of the members such as the auto- 
mobile wheel that rotate with the hub. The hub unit with 
rpm detector in this invention has the penmanent mag- 
net, pole piece, and coil fomned so that they are annular 
55 or ring-shaped so as to surround the entire tone wheel. 
Accordingly, the amount of magnetic flux that flows in- 
side the pole piece can be made large in the entire pole 
piece. Also, the change in voltage of the coil that corre- 
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sponds with the change in density of the magnetic flux 
that passes through the pole piece, can be made suffi- 
ciently large. 

Brief Description of the Drawings 

[0039] Fig.1 is a cross sectional view of one example 

of the prior art hub unit with rpm sensor. 

[0040] Fig.2 Is a cross sectional view of the hub unit 

with rpm sensor of the previous invention by the present 

inventor. 

[0041] Fig.3 Is an enlarged view of a right side portion 

in Flg.2. 

[0042] Fig. 4 is a cross sectional view of a first embod- 
iment of the hub unit with rpm sensor in the present in- 
vention. 

[0043] Fig.5 Is an enlarged view of the portion V in 
Fig.4 

[0044] Flg.6 Is an enlarged view of the portion VI In 
Fig.4 

[0045] Fig.7 is an enlarged view similar to Rg.5 to 
show a second embodiment in the present invention. 
[0046] Fig. 8 is an enlarged view similar to Fig. 6 to 
show the second embodiment in the present invention. 
[0047] Fig. 9 Is an enlarged view similar to Fig.5 to 
show a third embodiment in the present invention. 
[0048] Flg.10 Is an enlarged view similar to Fig.6 to 
show the third embodiment in the present Invention. 
[0049] Fig. 1 1 is a cross sectional view to show a fourth 
embodiment in the present invention. 
[0050] Fig. 12 is an enlarged view of the portion XII in 
Fig.11. 

[0051] Fig. 13 is an enlarged view of the portion XIII In 

Fig.11. 

[0052] Fig. 14 is an enlarged view similar to Fig. 12 to 
show a fifth embodiment in the present invention. 
[0053] Fig.15 is an enlarged view similar to Fig.13 to 
show the fifth embodiment in the present Invention. 
[0054] Fig.1 6 is a graph to show the relation between 
the axial displacement of the sensor and the sensor out- 
put. 

[0055] Fig.1 7 is a view similar to Fig.1 2 to show a sixth 
embodiment in the present invention, where the N pole 
is faced to the notches. 

[0056] Fig.1 8 is a view similar to Fig.13 to show the 
sixth embodiment in the present invention, where the S 
pole is faced to the magnetic tongue portions. 
[0057] Flg.1 9 is a view similar to Fig.1 2 to show the 
sixth embodiment in the present invention, where the S 
pole is faced to the notches. 

[0058] Fig. 20 is a view similar to Fig.13 to show the 
sixth embodiment in the present invention, where the N 
pole is faced to the magnetic tongue portions. 
[0059] Fig.21 is a perspective view of the pemnanent 
magnet for use in the sixth embodiment in the present 
invention. 

[0060] Fig.22 is a view similar to Fig. 12 to show the 
seventh embodiment in the present invention, where the 



notches of the stator are faced to those of the tone 
wheel. 

[0061] Fig.23 is a view similar to Fig.13 to show the 
seventh embodiment in the present invention, where the 
5 magnetic tongue portions of the stator are faced to those 
of the tone wheel. 

[0062] Fig.24 is a graph to show the relation between 
the sensor output and the ratio of the pitch of the S and 
N poles and notches to the thickness of the small clear- 
10 ance. 

Description of the Prefen^ed Embodiments 

[0063] Now, the present invention is explained refer- 

15 ring to Flg.4 to Fig.24. 

[0064] This embodiment in Flg.4 to Fig.6 Is character- 
ized by the detection section in the sensor 35 that de- 
tects the rotation speed (rpm) of a hub 3 that corre- 
sponds to the rotation speed (rpm) of the automobile 

20 wheel. The other construction and function of the hub 
unit is substantially the same as the hub unit of the pre- 
vious invention described above. Therefore, a descrip- 
tion on them is omitted with similar members indicated 
by similar reference numerals in the drawings. 

25 [0065] The tone wheel 29 is made of magnetic metal 
such as steel plate and isfonmed generally cylindrically. 
[0066] This tone wheel 29 comprises a smaller diam- 
eter section 30 and a larger diameter section 31 which 
are concentric with and are connected to the smaller di- 

30 ameter section 30 by a stepped or annular section 32. 
The smaller and larger diameter sections 30 and 31 are 
also referred to as the cylindrical section previously 
mentioned. 

[0067] The larger diameter section 31 of this tone 
35 wheel 29 is fitted around the outside peripheral surface 
on the axially inner end of the inner ring member 4, and 
the stepped or annular section 32 comes in contact with 
the edge portion of the inner ring member 4 to support 
and secure the tone wheel 29 to the inner ring member 
40 4. 

[0068] The smaller diameter section 30 is supported 
so that it is concentric with the inner ring member 4. Also, 
this smaller diameter section 30 is fomned with multiple 
cutouts such as through-holes or notches 33 that make 

^5 up a first cut-out section on the rotating side, and these 
holes 33 are evenly spaced around in the circumferen- 
tial direction. All of the through-holes 33 have the sub- 
stantially same shape, for example a long rectangle run- 
ning in the axial direction (right and left in Figs. 4 and 6). 

50 [0069] Theopeningonthe axially inner end of the out- 
er ring member 9 is covered by a cover 34 that is made 
of sheet metal such as stainless steel, or an aluminum 
alloy, and Is made by a process such a drawing. This 
shape of this cover 34 Is different from the shape of the 

55 cover 34 used In the construction of the previous inven- 
tion described in Figs.2 and 3, in that the cover 34 of 
this embodiment has the substantially unifonn shape 
generally in the circumference (symmetric around its 
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center axis). 

[0070] This cover 34 Is not used to cause the magnet- 
ic flux to flow from the permanent magnet 36 of the sen- 
sor 35. The material of this cover 34 Is different from the 
previous Invention of Figs.2 and 3 in that it is made of 
non-magnetic material, and most favorably, synthetic 
resin, aluminum alloy, or copper. If it is made of stainless 
steel plate, a non-magnetic type should be used to pre- 
vent the lealcage of magnetic flux. Other than this, it is 
substantially the same as the cover 34 used in the pre- 
vious invention of Figs.2 and 3. Also, there is a generally 
annular passive sensor 35 that is fastened inside the 
cover 34 and placed between the inner peripheral sur- 
face of the cover 34 and the outer peripheral surface of 
the nut 6. 

[0071] This sensor 35 comprises a pemianent mag- 
net 36, a stator 37 made of magnetic material such as 
steel plate, and a coil 38, and the sensor is made gen- 
erally annular by embedding the permanent magnet 36, 
stator 37 and coil 38 in synthetic resin 44. 
[0072] The pemianent magnet 36 is made generally 
ring shaped and so that it is magnetized In the radial 
direction. In other words, as shown in the example in the 
drawings, the inside peripheral surface of the pemia- 
nent magnet 36 is the South pole and the outside pe- 
ripheral surface is the North pole. The magnetic orien- 
tation of poles could be the opposite way. 
[0073] Also, the inside peripheral surface (S pole) of 
the pemianent magnet 36 is faced to the outside periph- 
eral surface of the portion axially adjacent the through- 
holes 33 on the end of the smaller diameter section 1 9 
of the tone wheel 29, and they are separated'by a small 
gap or clearance 28. 

[0074] The pemianent magnet 36 can be made of a 
rare-earth magnet that has high magnetic flux density 
per unit area. In the construction of this embodiment, 
the output of the sensor 35 is sufficiently large even if 
the magnetic density per unit area is not that high. Also, 
In order to cut costs, it is possible to use an inexpensive 
pennanent magnet such as a plastic magnet that has 
ferrite mixed in synthetic resin, or just a typical ferrite 
magnet. 

[0075] Moreover, the stator 37 Is made generally ring- 
shaped, so that its cross-section is L-shaped. In other 
words, this stator 37 has a cylindrical retaining section 
39 and a bent section 40 that is bent inward in the radial 
direction at one end (left end in Figs.4 to 6) of the retain- 
ing section 39. Also, the Inside peripheral surface on the 
other end side of the retaining section 39 (right end in 
Figs.4 to 6) and the outside peripheral surface of the 
permanent magnet 36 are very close or come In contact 
with each other. The radially inside edge of the bent sec- 
tion 40 Is faced to the first cutout section fonned with 
the multiple through-holes 33 on the tone wheel 29. 
[0076] The bent section 40 is formed with a second 
cut-out section on the stationary side having multiple 
notches or through-holes 41 in the circumference direc- 
tion, and these notches 41 have the substantially same 



pitch as the through-holes 33. The bent section 40 may 
have the fomi of comb teeth. 

[0077] Furthermore, the coil 38 is ring shaped, and is 
attached to the inside peripheral surface of a part of the 

5 stator 37 between the pemianent magnet 36 and the 
bent section 40. The electromotive force generated In 
this coil 38 is retrieved through the connector 26 that 
sticks out from the surface of the cover 34. Also, 
through-holes (not shown in the figures) are fonned on 

10 a part of the stator 37, so that the lead wires that connect 
the coil 38 and the connector 26 pass through the 
through-holes. 

[0078] In order to generate an electromotive force in 
the coil 38, this coil 38 couid be attached to the outside 

IS peripheral surface of the stator 37, however, space is 
used more efTlciently if the coil 38 is placed on the inside 
peripheral surface of the stator 37 between the perma- 
nent magnet 36 and the bent section 40, as shown in 
the drawing of this embodiment. 

20 [0079] When the hub unit with rpm sensor of this em- 
bodiment, constructed as described above, is used, the 
density of the magnetic flux in the stator 37 which is 
faced to the tone wheel 29, changes as the tone wheel 
29 rotates with the hub 3, and the voltage generated in 

25 the coil 38 changes at a frequency that is proportional 
to the rotation speed (rpm) of the hub 3. The principle 
that the voltage generated in the coil 38 changes due to 
the change in density of magnetic flux flowing in the sta- 
tor 37 is the same as that for the rpm sensor that has 

30 been widely used previously, therefore an explanation 
of it will be omitted, however the reason that the density 
of the magnetic flux flowing in the stator 37 Is changed 
due to the rotation of the tone wheel 29 will be explained 
below. 

35 [0080] Since the pitch of the through-holes 33 fomied 
in the tone wheel 29 is the same to that of the notches 
41 formed in the stator 37, the through-holes 33 and the 
notches 41 may be simultaneously faced to each other 
all the way around as the tone wheel 29 rotates. Also, 

40 when these through-holes 33 and notches 41 are faced 
to each other, the magnetic column 42 located between 
two adjacent through-holes 33 and the magnetic tongue 
portion 43 located between two adjacent notches 41 are 
faced to each other with a small gap or clearance 28 

45 between them. When the magnetic column portions 42 
and tongue portions 43 are faced to each other generally 
along the periphery, a highly dense magnetic flux flows 
between the tone wheel 29 and stator 37. 
[0081] If the through-holes 33 or notches 41 are shift- 

50 ed or displaced half out of phase with reference to each 
other, the density of the magnetic flux flowing between 
the tone wheel 29 and stator 37 becomes low. In other 
words, at the same time that the through-holes 33 
fomied in the tone wheel 29 are faced to the magnetic 

55 tongue portions 43, the notches 41 formed in the stator 
37 are faced to the magnetic column portions 42. 
[0082] When the column portions 42 are faced to the 
notches 41 , and the tongue portions 43 are faced to the 
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through-holes 33, a relatively large gap exists between 
the tone wheel 29 and stator 37 all the way around. Also, 
in this condition, the density of the magnetic flux flowing 
between the tone wheel 29 and the pole piece 37 is low. 
[0083] As a result, the voltage generated in the coil 
38 changes in proportion to the rotation speed (rpm) of 
the hub 3. In order to have a sufficient amount of change 
in the density of the magnetic flux, it is best if the width 
of the through-holes 33 is wider than the width of the 
magnetic tongue portions 43, and the width of the notch- 
es 41 is wider than the width of the column portions 42. 
In order to do this, the widths of the through-holes 33 
and notches 41 are made wider(e.g. about 1 .5 times) 
than the widths of the magnetic column portions 42 and 
tongue portions 43. 

[0084] When constructing and using the sensor 35 of 
the hub unit with rpm sensor of this embodiment as de- 
scribed above, the output voltage generated in the coil 
38 changes at a frequency that is proportional to the ro- 
tation speed (rpm) of the hub 3. Since the annular space 
existing In the opening end of the outer ring member 9 
around the nut 6 is utilized, this makes it possible for the 
sensor 35 to be installed in a limited space, and the out- 
put of the sensor 35 is made sufficiently large, making 
it possible to more accurately detect the rotation speed 
(rpm) of the automobile wheel that rotates with the hub 
3. 

[0085] In other words, the pemianent magnet 36, sta- 
tor 37, and coil 38 of the hub unit with rpm sensor of this 
embodiment are arranged in an annular shape generally 
around the tone wheel 29. Also, since the magnetic flux 
coming from the pennanent magnet 36 flows all the way 
around the stator 37, the amount of magnetic flux flow- 
ing generally through the stator 37 is made sufficiently 
large. Moreover, the change in voltage of the coil 38, 
which corresponds to the change in density of the mag- 
netic flux passing through the stator 37, can be made 
sufficiently large. 

[0086] Next, Fig.7 and 8 show a second embodiment 
of the present invention. In this embodiment of the in- 
vention, the stepped section 32 of the tone wheel 29 has 
two steps, and the smaller diameter section 30, which 
corresponds to the cylindrical section previously de- 
scribed, Is made smaller than in the first embodiment in 
Fig.4 to 6. Also, the thickness in the radial direction (up 
and down dimension in Figs.7 and 8) of the permanent 
magnet 36 of the sensor 35, the bent section 40 of the 
stator 37, and the coil 38, Is made larger by the amount 
that the diameter of the smaller diameter section 30 is 
made smaller. In addition, the depth of the notches 41 
fomned in the bent section 40 (up and down dimension 
in Flg.7) is made larger. By changing these dimensions 
in this way, it is possible to make the change In voltage 
generated in the colt 38, larger than in the first embod- 
iment In Figs.4 to 6. Other than this, the second embod- 
iment is the substantially same as the first embodiment 
on Figs.4 to 6. 

[0087] A third embodiment of the invention is shown 



In Figs.9 and 10. In this embodiment of the Invention, 
the open end portion (left end in Figs.9 and 10) of the 
cover 34 is fitted around the open end portion of the out- 
er ring member 9, so that this cover 34 is connected to 

5 and supported by the outer ring member 9. Accordingly, 
in this embodiment of the Invention, the space between 
the inside peripheral surface of the cover 34 and the out- 
side peripheral surface of the smaller diameter section 
30 of the tone wheel 29 is made larger, thus making It 

10 possible to install a radially thicker sensor 35. 

[0088] l\^oreover, in this embodiment of the invention, 
the cross-section of the stator 37 of the sensor 35 is sub- 
stantially J shaped, so that the end of the stator 37 with 
the notches 41 holds the coil 38. Also, in this embodi- 

15 ment of the invention, the magnetic column portions 42 
of the tone wheel 29, and the magnetic tongue portions 
43 of the stator 37 have a larger surface area to face 
each other than in the first and second embodiments. 
When the column portions 42 and tongue portions 43 

20 are faced to each other, it is very difficult forthe magnetic 
flux to become saturated in the small gap or clearance 
28, thus a pennanent magnet 36 with a stronger mag- 
netic flux can be used, making it possible to make the 
output of the sensor 35 larger. 

25 [0089] Furthermore, in this embodiment of the inven- 
tion, the area of the path through the air, which has high 
magnetic resistance. Is made sufftoiently large (wide), 
so it is possible to make the resistance of the path in air 
small. As a result, the magnetic resistance of the mag- 

30 netic circuit is generally small, and the magnetic flux 
flowing in this circuit Is larger, making the voltage (output 
voltage of sensor 35) generated in the coil 38 higher. 
[0090] in the embodiment shown in the drawings, by 
bending the tongue portions 43 in the bent section 40 

35 so that the tongue portions 43 axially extend on the 
same side as the retaining section 39, the cross-section 
of the stator 37 is fonmed in a J-shape. On the other 
hand, by bending the tongue portions 43 In the bent sec- 
tion 40 on the side opposite of the retaining section 39 

40 (right side in Figs.9 and 10), the cross-section of the sta- 
tor 37 can be fonned into a crank shape. In this case, 
the length of the stator 37 and sensor 35 which includes 
the stator 37 becomes a little longer in the axial direction 
(left and right in Figs.9 and 10), however, other effects 

45 are the substantially same. The rest of the construction 
and use is substantially the same as the first embodi- 
ment in Fig.4 to 6. 

[0091] Figs.11 to 13 show a fourth embodiment of this 
invention. The entire tone wheel 29 is circular and is 

so made of magnette metal plate such as steel plate. This 
tone wheel 29 has an L-shaped cross section , and com- 
prises a cylindrical section 45 and a circular ring section 
46 which is shaped as a flange and is bent outward In 
the radial direction from the axially Inner end (right end 

55 in Figs.11 to 13) of the cylindrical section 45. By fitting 
this kind of tone wheel 29 around the outer surface on 
the axially inner of the inner ring member 4 made of a 
magnetic bearing steel, the tone wheel is supported by 
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the inner ring member 4. Moreover, several cutouts such 
as notches or through-holes 33 on the rotating cutout 
section are formed at unifonn intervals around the cir- 
cumference on the radially outer half of the circular ring 
section 46. The circular ring section 46 is made In a 
comb toothed shape. 

[0092] The opening on the axially inner end of the out- 
er ring member 9 is covered with a cover 34 which is 
made by pressing metal plate such as stainless steel 
plate or an aluminum alloy plate in the same way as was 
done In the first embodiment. Also, a circular-shaped 
passive sensor 35 is fitted inside this cover 34. 
[0093] This sensor 35 is equipped with a permanent 
magnet 36, a stator 37 made from magnetic metal plate 
such as steel plate, and a coil 38, and by embedding the 
present magnet 36, stator 37 and coil 38 in synthetic 
resin, the sensor 35 Is made entirely annular. The per- 
manent magnet 36 is generally ring shaped, and is mag- 
netically oriented in the axial direction (left and right in 
Figs. 11 thru 13). In other words, as shown in the exam- 
ple of the figure, the axially Inner end face of the penna- 
nent magnet 36 (right end of Figs. 11 thru 13) is the South 
pole, and the axially outer end face (left end in Figs. 11 
thru 13) is the North pole. The opposite magnetic orien- 
tation Is also possible. 

[0094] Moreover, the axially outer end face (N pole) 

of this pemnanent magnet 36 is faced, through a small 
gap 28, to the radially outside portion of the axially inner 
end face of the inner ring member 4, and to the radially 
inside edge of the circular ring section 46 of the tone 
wheel 29. 

[0095] As in the cases of ail of the other embodiments, 
a rare-earth pennanent magnet can be used for the per- 
manent magnet 36, however, it is also possible to use 
a less expensive plastic magnet or nomnal fenrite mag- 
net in order to reduce the manufacturing cost. 
[0096] The stator 37 is generally circular and has an 
L-shaped cross section. This stator 37 is equipped with 
a cylindrical section or retaining section 39 and a flange- 
shaped circular ring or bent section 40 which is contin- 
uous with one end (right end in Figs. 11 thru 13) of the 
cylindrical section 39 and goes toward the inside in the 
radial direction. Also, the radially inside portion of the 
axially outer surface (left surface on Figs. 11 thru 13) of 
the circular ring section 40 is close to or preferably 
comes In direct contact with the axially inner end face 
(the right end face in Figs.11 thru 13) of the permanent 
magnet 36. 

[0097] Moreover, the axially outer end edge (the left 
end edge in Figs.1 1 thru 13) of the cylindrical section 39 
is faced to a part of the tone wheel 29 where the notches 
33 are formed. 

[0098] Notches 50 in the stationary cutout section are 
formed around the axially outer end edge of this cylin- 
drical section 39, and they are fomied with the same 
pitch as the notches 33 in the rotating cutout section 
fomied around the tone wheel 29. The axially outer end 
edge of the cyHndrical section 39 is also made in a comb 



toothed shape. 

[0099] Furthemiore, the coil 38 is circular, and fitted 
between the inside peripheral surface of the stator 37 
and the outside peripheral surface of the pemianent 

5 magnet 36. This coil 38 is wrapped so that it is plied in 
the radial direction between the stator 37 and perma- 
nent magnet 36. Also, the electromotive force that runs 
through the coil 38 is output from the connector 26 that 
protrudes from the outer surface of the cover 34. The 

10 construction of this section Is substantially the same as 
that for the first embodiment. 

[0100] To generate the electromotive force in the coil 
38, it is possible to attach the coil 38 to the outer periph- 
eral surface of the stator 37, however, in the case of the 

15 embodiment shown in the figures, if the coil 38 Is located 
in the space formed between the outside peripheral sur- 
face of the pemianent magnet 36 and the inside periph- 
eral surface of the cylindrical section 39 of the stator 37, 
it is possible to efficiently use the limited space between 

20 the outer peripheral surface of the nut 6 and the inside 
peripheral surface of the cover 34. 
[0101] When usi ng the hub unit with rpm sensor of this 
embodiment of the invention, as the tone wheel 29 turns 
together with the hub 3, the density of the magnetic flux 

25 that flows in the stator 37 opposed to the tone wheel 29 
changes, and the voltage generated in the coil 38 
changes at a frequency proportional to the rpm of the 
hub 3. The mechanism used here for changing the volt- 
age generated in the coil 38 is substantially the same 

30 as that of the first embodiment. 

[0102] In other words, when the rotating notches 33 
are faced to the stationary notches 41 , the rotating mag- 
netic tongue portions 42 that are located between pairs 
of adjacent rotating notches 33, are faced to the station- 

35 ary magnetic tongue portions 43 that are located be- 
tween pairs of adjacent stationary notches 41 , through 
a small gap 28. When the rotating magnetic tongue por- 
tions 42 and stationary magnetic tongue portions 43 are 
faced to each other, a high-density magnetic flux flows 

40 between the tone wheel 29 and stator 37. 

[0103] On the other hand, when the rotating notches 
33 and stationary notches 41 are shifted half out of 
phase with reference to each other, the density of the 
magnetic flux flowing between the tone wheel 29 and 

45 stator 37 becomes low. In other words, at the same time 
that the notches 33 formed on the tone wheel 29 are 
faced to the stationary magnetic tongue portions 43, the 
notches 41 formed on the stator 37 are faced to the ro- 
tating magnetic tongue portions 42. When the rotating 

50 magnetic tongue portions 42 are faced to the stationary 
notches 41 , and when the stationary magnetic tongue 
portions 43 are faced to the rotating notches 33, there 
is a relatively large space between the tone wheel 29 
and the stator 37 all the way around the tone wheel 29. 

55 In this state, the density of the magnetic flux flowing be- 
tween both of the tone wheel 29 and the stator 37 be- 
comes low. As a result, the voltage generated in the coil 
38 changes proportional to the rpm of the hub 3. 
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[0104] As in the case of the first embodiment, in order 
that the change in density of the magnetic flux is suffi- 
cient, the width of the rotating notches 33 and stationary 
notches 41 , must be wider than the width of the rotating 
magnetic tongue portions 42 and stationary magnetic s 
tongue portions 43. The other construction and function 
of this embodiment is substantially the same as that of 
the first embodiment. 

[0105] Next, Figs.14and 15 show a fifth embodiment 
of this invention. In this embodiment of the invention, the 
tone wheel 29 has a crank-shaped cross section so as 
to form a cylindrical section 53 on the outside, and ro- 
tating notches or through-holes 33 in the rotating cutout 
section are fomried at unifonn intervals ail the way 
around this cylindrical section 53. Moreover, around the 
end portion (left end portion in Figs. 14 and 15) of the 
cylindrical section 39 which mal<es up the stator 37, the 
same number of stationary notches or through-holes 41 
in the stationary cutout section are formed so that they 
are faced to the rotating notches 33 and so that they 
have the same pitch in the circumferential direction. Al- 
so, the inner peripheral surface of the outer cylindrical 
section 53 and the outer peripheral surface of the cylin- 
drical section 39 are faced to each otherthrough a small 
clearance 28. 

[0106] In this embodiment of the invention, since the 
surface area of the air passage (small gap) 28, which 
has high magnetic resistance, has been made suffi- 
ciently large, it is possible to reduce the resistance of 
the air passage. As a result, the magnetic resistance of 
the entire magnetic circuit Is reduced, thus Increasing 
the magnetic flux which flows through the magnetic cir- 
cuit, and increasing the voltage (output voltage of sen- 
sor 35) generated in the coil section 38. 
[0107] Moreover, since the outside cylindrical section 
53 with the rotating notches 33 is located on the outer 
diameter side of the sensor 35, it is possible to increase 
the speed of the cylindrical section 39 at its peripheral 
and thus increase the output of the sensor 35. Further- 
more, since part of the components of the sensor 35 are 
displaced in the axial direction from the end of the tone 
wheel 29, it is possible to reduce the dimensions in the 
axial direction of the tone wheel and to tailor the tone 
wheel easily. 

[0108] In this embodiment of the invention, the sensor 
35 is held at one end by synthetic resin 44 in a cantilever 
manner. Therefore, the sensor 35 may displace in the 
radial direction (up and down in Figs. 14 and 15) due to 
vibration when the vehicle Is running, and so it Is possi- 
ble that the thickness (dimension in the up and down 
direction in Figs. 14 and 15 of the small clearance 28 
between the outside peripheral surface of the sensor 35 
and the inside peripheral surface of the tone wheel 29 
will change. However, in the case of the hub unit with 
rpm sensor of this invention, since both of the tone wheel 
29 and the sensor 35 are of an annular shape, when the 
thickness of the small clearance 28 becomes small in 
the radial direction on one side, the clearance on the 



other side becomes large. Therefore, even if the sensor 
35 is displaced in the radial direction, there is little 
change in the output of the sensor 35. 
[0109] For example, as shown in Figs.2 and 3. if the 
sensor 35 is located only at a portion In the circumfer- 
ential direction, the change in output of the sensor 35 
due to the displacement of the sensor is as shown by 
the dotted line "a" in Fig.16. In contrast to this, when the 
ring-shaped sensor 35 of this invention is used, the 
change in output of the sensor due to the displacement 
of the sensor is as shown by the solid line "b" in Fig.1 6. 
As can be clearly seen from the solid line "b", when the 
sensor 35 is constructed as shown in Figs. 14 and 15, 
the amount that the output of the sensor 35 changes, 
even when the sensor 35 is radially displaced, poses no 
practical problem. 

[0110] With the construction of this invention, it is pos- 
sible to support the sensor 35 at only one end with syn- 
thetic resin in a cantilever manner. However, if it is nec- 
essary to prevent the sensor 35 and tone wheel 29 from 
coming in contact with each other, or if it is necessary 
to suppress the displacement of the sensor 35 for some 
reason other than maintaining the output, it is possible 
to suppress the displacement of the sensor 35 by sup- 
porting it using a metallic part that is fixed to the cover 
34. 

[0111] In the construction of this embodiment, by ex- 
tending the cylindrical section of the stator 37 to the tone 
wheel 29, it is possible to decrease the length in the axial 
direction of the tone wheel 29. By doing this, there is no 
longer any danger of the tone wheel 29 whiriing or ro- 
tating unbalanced. Moreover, the overlapping length In 
the axial direction of the sensor 35 and the tone wheel 
29 becomes shorter, thus it is possible to prevent the 
sensor 35 from coming Into contact with the tone wheel 
29. The angle allowed when inserting the sensor cover 
34 becomes larger, and when the cover 34, which sup- 
ports the sensor 35, is Inserted Into the outer ring mem- 
ber 9, there is little danger of the sensor 35 coming in 
contact with the tone wheel 29, thus making it possible 
to prevent damage to both of the sensor 35 and the tone 
wheel 29. 

[0112] If this embodiment of the Invention where the 
annular pemnanent magnet 36 and the annular coil 38 
are overlapped in the radial direction is applied to the 
construction where the height of the cross section in the 
radial direction is not high, the cross-sectional plate 
thickness of the pemnanent magnet 36 Is 3.5 mm or less. 
It is very difficult to obtain this kind of plate thickness by 
processing the permanent magnet 36 using sintering. 
Also, the pressure generated when molding it in one 
piece with the cover, increases the fear of cracking of 
the sintered permanent magnet, in this case, if a plastic 
magnet is used Instead of a sintered pennanent magnet, 
the toughness Is Improved, making it possible to de- 
crease the thickness of the penmanent magnet 36, and 
to obtain more cross-sectional space for the coil 38. This 
embodiment shows an example of using a plastic mag- 
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net for the permanent magnet where the cross-sectional 
thickness of 36 Is 3.5 mm or iess. 
[0113] Next, Figs.17thru21 show a sixth embodiment 
of this invention. The sensor 35 of this embodiment is, 
as in the fourth and fifth embodiments mentioned above, s 
equipped with a pemianent magnet 36, a stator 37 made 
from magnetic material such as steel piate, and a coil 
38. Also, the entire sensor is made annular by embed- 
ding all of the sensor 35, permanent magnet 36, stator 
37 and coll 38, in synthetic resin 44. The pemianent 
magnet 36 Is formed entirely in a ring shaped as shown 
in Fig.21 , and the magnetic orientation Is in the axial di- 
rection. The magnetic orientation alternates all the way 
around the pennanent magnet, with each orientation 
having the same pitch. The number of times the mag- 
netic orientation changes (number of boundaries be- 
tween South and North poles) is twice the number of 
notches 33 formed around the tone wheel 29. Also, on 
the both end faces in the axial direction of the permanent 
magnet 36, there is the same number of both South and 
North poles as there are notches 33, and these S and 
N poles have the same pitch as the notches 33. 
[0114] Moreover, the stator 37 Is fomned entirely in an 
annular shape with an L-shaped cross section. In other 
words, this stator 37 has a cylindrical section 39, and a 
flange-shaped ring section or bent section 40 that bends 
outward in the radial direction (up and down in Figs.17 
thru 20) from the axially Inner end edge (right end edge 
in Figs.17 thru 20) of this cylindrical section 39. Also, 
the axially outer end edge (left end edge in Figs.1 7 thru 
20) of the cylindrical section 39 is faced, through a small 
gap 28, to a surface of the axially inner end of an inner 
ring 4, which Is made of magnetic material. 
[01 1 5] It is possible to Increase the opposing area be- 
tween the stator 37 and inner ring 4 by bending the ax- 
ially outer end (left end in Figs 17 thru 20) of the cylin- 
drical section 39 at right angles in the radial direction 
toward the outside or inside. This embodiment is differ- 
ent from the other previously described embodiments in 
that there are no stationary cutout section such as 
notches around the stator 37. 
[0116] Furthennore, the coil 38 is formed in an annu- 
lar shape, and is located In the space between the inner 
peripheral surface of the permanent magnet 36 and the 
outer peripheral surface of the stator 37. The voltage 
that is generated in this coil 38 is output from a connector 
(see Fig.4) that protrudes through the outer surface of 
the cover 34. 

[0117] In order to generate voltage in this coil 38, it is 
possible to attach the coil 38 around the Inner peripheral 
surface of the cylindrical section 39 of the stator 37, how- 
ever, in this embodiment, as shown in the figures, by 
placing the coil 38 in the space between the inner pe- 
ripheral surface of the permanent magnet 36 and the 
outer peripheral surface of the cylindrical section 39, it 
is possible to more efficiently utilize the space, in the 
same way as was done for all of the other previously 
described embodiments. 



[0118] When using the hub unit with rpm sensor of the 
embodiment of the invention described above, as the 
tone wheel 29 rotates together with the hub 3, the den- 
sity of the magnetic flux inside the stator 37, which is 
faced to the axially inner end face of the inner ring 4 that 
is magnetically linked to the tone wheel 29, changes to- 
gether with the direction of flow of the magnetic flux. Al- 
so, in response to this, the amount and direction (plus 
and minus) of the voltage generated in the coil 38 chang- 
es with a frequency proportional to the rpm of the hub 
3. The principle that the change in voltage generated in 
the coil 38 corresponds to the change in density of the 
magnetic flux flowing in the stator 37 is the same as that 
widely used in the prior art rpm sensor, and therefore an 
explanation of it Is omitted. 

[0119] The reason that the direction of flow of the 
magnetic flux flowing in the stator 37 changes in re- 
sponse to the rotation of the tone wheel 29 will be ex- 
plained below. 

[0120] As described above, the pitch of the rotating 
notches 33 located around the tone wheel 29 is the 
same as the pitch of a pair of poles (pair of South poles 
or a pair of North poles) of the South poles end North 
poles alternately located around the end surface of the 
permanent magnet 36. Therefore, as the tone wheel 29 
rotates, all of the South poles (or ail of the North poles) 
are simultaneously faced to all of the notches 33 all the 
way around. Also, when identical poles are faced to all 
of the notches 33, all of the other poles are faced to the 
rotating magnetic tongue portions 42 located between 
the adjacent notches 33. 

[0121] First, as shown in Fig.17, when all of the North 
poles located on the axially outer end face of the per- 
manent magnet 36 are faced to all of the notches 33, 
the magnetic resistance between each North pole and 
the tone wheel 29 becomes large, and it becomes diffi- 
cult for magnetic flux to flow from the North poles toward 
the tone wheel 29. At this same time, as shown in Fig. 
1 8, the South poles, located on the axially outer end face 
of the pennanent magnet 36, are faced to all of the ro- 
tating magnetic tongue portions 42. In this state, the 
magnetic resistance between each South pole and the 
tone wheel 29 becomes low, and the magnetic flux flows 
through the stator 37 to the tone wheel 29, and then 
flows to the South poles of the permanent magnet 36 
through the small clearance 28. In other words, in this 
state, the magnetic flux inside the stator 37 flows from 
the inside to the outside of the cylindrical section 39 all 
the way around the stator 37, as shown by the an^ows 
in Fig.18. 

[0122] In contrast to this, when the South poles, lo- 
cated on one end face of the permanent magnet 36, are 
faced to all of the notches 33 as in Fig. 19, the North 
poles, located on the other end face of the pemianent 
magnet 36, are faced to all of the rotating magnetic 
tongue portions 42, as shown in Fig.20. In this state, the 
magnetic flux inside the stator 37 flows in the direction 
opposite of that described above, from the outside to the 
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i nside of the cylindrical section 39 all the way around the 
stator 37, as shown by the arrows in Flg.20. 
[0123] In comparing the width of each of the notches 
33 in the circumferential direction with the width of each 
of the rotating magnetic tongue portions 42 in the cir- s 
cumferentiai direction, it is desirable if the width of the 
notches 33 Is greater than the width of the magnetic 
tongue portions 42 so that the change in the density of 
the magnetic flux is greater. 

[0124] The facing state of each of the S and N poles 
with the notches does not change instantaneously, but 
changes continuously as the tone wheel 29 rotates. Al- 
so, the change between the state when the magnetic 
flux flows in the direction shown in Fig.1 8, and the volt- 
age in that direction (for example -»-) becomes large, and 
the state when the magnetic flux flows in the direction 
shown in Flg.20, and the voltage in the opposite direc- 
tion (for example -) becomes large, is made continuous- 
ly through an intermediate state where the state where 
the South poles and North poles both are faced to the 
notches about the same and the density of the magnetic 
flux in the stator 37 is about zero. Accordingly, altemat- 
ing current is generated In the coil 38 located around the 
stator 37. 

[0125] In the sensor 35 of this embodiment of the in- 
vention, when Identical poles, the South poles or North 
poles fomried on the axially outer end face of the perma- 
nent magnet 36, are simultaneously faced to the notch- 
es 33 around the tone wheel 29 or the rotating magnetic 
tongue portions 42, alternating current is generated in 
the coil 38. Also, the difference between the maximum 
and minimum output of the sensor 35 becomes large, 
thus improving the reliability of the rpm sensor when 
compared with the previously described embodiments. 
In other words, when all of the South poles are faced to 
the notches 33, and at the instant when the density of 
the magnetic flux flowing in the direction of the arows 
shown In Fig.20 becomes large, +E is generated in the 
coll 38, and when all of the North poles are faced to the 
notches 33, and at the instant when the density of the 
magnetic flux flowing in the direction of the arrows 
shown in Fig. 18 becomes large, -E is generated in the 
coil 38. In this case, an ABS or ICS controller can use 
the 2E potential difference as the output from the sensor 
35. 

[0126] in the case of the construction of prior art de- 
vices or the previous invention, however, voltage is gen- 
erated in the coil by only changing the density of the 
magnetic flux without changing the direction of the mag- 
netic flux, so that only the E potential difference can be 
used. Therefore, it is clear that this sixth embodiment 
efficiently increases the output of the sensor. However, 
since It Is difficult to make the pitch of adjacent South 
poles and North poles very small all the way around in 
the circumferential direction, it Is not possible to Improve 
the precision of the rpm sensor (it is difficult to accurately 
detect the speed at slow speeds). The reason for this 
will be explained later. The other parts, construction and 



function of this embodiment are substantially the same 
as in the previously described embodiments. 
[0127] Incidentally, although in the embodiment in 
Figs. 1 9 and 20 the pemnanent magnet 36 is magnetized 
in multi-ploes on both of the axially inner and outer end 
faces, the axially inner end face of the pemnanent mag- 
net 36 is not necessarily magnetized. 
[0128] Figs.22 and 23 show a seventh embodiment 
of this invention. In this embodiment, the magnetic ori- 
entation of the pemnanent magnet 36 is in the radial di- 
rection (up and down in Figs.22 and 23). There is no 
change in the magnet orientation around the circumfer- 
ence. Also, the same pole (North pole in the example 
shown in the figure) goes entirely around the Inner pe- 
ripheral surface of the permanent magnet 36, and In the 
like manner, the same pole (South pole in the example 
shown in the figure) goes entirely around the outer pe- 
ripheral surface. Moreover, the stator comprises a first 
stator section 54 and a second stator section 55 which 
are coaxial with each other. 

[01 29] The first stator section 54 is located on the out- 
side in the radial direction, and the inner peripheral sur- 
face on the axially inner end portion (right end portion 
in Figs.22 and 23) of the first stator section 54 comes in 
contact with or is very close to the outer peripheral sur- 
face of the pemianent magnet 36. 
[0130] Moreover, the second stator section 55 is lo- 
cated on the Inside in the radial direction, and the outer 
peripheral surface on the axially inner end portion (right 
end portion in Figs.22 and 23) of the second stator sec- 
tion 55 comes in contact with or is very close to the Inner 
peripheral surface of the pennanent magnet 36. 
[0131] Also, the notches 41 in the stationary cutout 
portion are formed on the axially outer end portion (left 
end portion in Figs.22 and 23) of the first stator section 
54. In other words, there is the same number of these 
notches 41 as the notches 33 In the rotating cutout por- 
tion that are formed around the tone wheel 29, and they 
have the same pitch as notches 33 all the way in the 
circumferential direction. The section with these notch- 
es 41 formed is faced, through a small clearance 28, to 
the rotating cutout section of the tone wheel 29 with the 
rotating notches 33 formed to be detected. 
[01 32] The magnetic circuit of this embodiment is sub- 
stantially the same as the previously described fourth 
embodiment. However, in the fourth embodiment in 
Figs. 1 1 to 1 3, the axially outer end face of the permanent 
magnet 36, which is magnetically oriented in the axial 
direction, Is directed to the radially inside peripheral 
edge portion of the tone wheel 29 and to the radially 
outside edge portion of the axially inner end face of the 
inner ring 4 through a small clearance 28, while in this 
embodiment, the magnetic flux, which flows from the In- 
ner peripheral surface of the pemnanent magnet 36, 
magnetically oriented in the radial direction, is directed 
by the second stator section 55 to the radially inside pe- 
ripheral edge portion of the tone wheel 29 and to the 
radially outside edge portion of the axially inner end face 
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of the inner ring 4. Also, In this embodiment, as In the 
previously described fourth embodiment, the density of 
the magnetic flux flowing In the first and second stators 
54, 55 changes, and the voltage generated in the coil 
38 changes with a frequency that is proportional to the s 
rpm of the rotating ring member 9. 
[01 33] As a modification of this embodiment, it Is pos- 
sible to also form stationary notches 41 around the ax- 
iaily outer edge portion of the second stator section 55 
in addition to around the axially outer edge portion of the 
first stator section 54. In this case, the phase of the sta- 
tionary notches on both of the stators 54, 55 are 
matched, and the axially outer edge portion of both sta- 
tors 54, 55 are faced to the rotating notches 33 formed 
around the tone wheel 29. With this kind of construction, 
it is possible to increase the change in density of the 
magnetic flux that flows in the first and second stators 
sections 54, 55 as the tone wheel 29 rotates. 
[0134] Moreover, In the construction shown In Figs.22 
and 23, by bending the axially outer end of the first stator 
section 54 outward or inward in the radial direction, it is 
possible to Increase the amount of surface areas of the 
stationary cutout section where the notches 41 are 
formed and of the rotating cutout section of the tone 
wheel 29 that are faced to the stationary cutout section. 
However, in the case where the axially outer end of the 
first stator section 54 Is bent inward In the radial direc- 
tion, care must be taken so that the edge of the bent 
section does not come too close to the axially outer edge 
of the second stator section 55. If it comes too close, 
magnetic flux flows directly between the first stator sec- 
tion 54 and the second stator section 55, and It becomes 
impossible to detect the rpm. In this same way, by bend- 
ing the axially outer end of the second stator section 55 
In the radial direction, it Is possible to reduce the mag- 
netic resistance between the second stator section 55 
and the tone wheel 29 or inner ring member 4. In this 
case as well, if the end of the second stator section 55 
Is bent outward In the radial direction, care must be tak- 
en so that the axially outer edge of the second stator 
section 55 does not come too close to the edge of the 
first stator section 54. In this embodiment, and in the 
first thru fifth embodiments, described above, the accu- 
racy of rpm detection Is Improved when compared with 
the sixth embodiment, and in the case of these embod- 
iments, the permanent magnet 36 can be easily manu- 
factured, thus making parts replacement less expen- 
sive. 

[0135] The reason why it Is possible to improve the 
precision of rpm detection when the magnetic orienta- 
tion of the permanent magnet does not change all the 
way around in the circumferential direction, will be ex- 
plained below. 

[0136] When the South poles and North poles are ar- 
ranged so that they alternate in the circumferential di- 
rection, It Is necessary to keep small the magnet flux 
that flows directly (not through the tone wheel) between 
adjacent South and North poles. For example, if the ratio 



(P/T) is small In the relation between the alternately, re- 
peated pitch "P" of the South and North poles in the cir- 
cumferential direction, and the thickness "V of the small 
clearance between the tone wheel and the end surface 
In the direction of magnetic orientation of the pemianent 
magnet, the percentage of magnetic flux flowing directly 
from each North pole to the adjacent South poles be- 
comes large. 

[0137] Flg.24 shows the case of using a pemrtanent 
magnet whose magnetic orientation changes in the cir- 
cumferential direction, and It shows the results of a test 
perfomied by the inventors to find the effects of the ratio 
"P/T" on the output voltage of the sensor. In Flg.24, the 
voltage output of the sensor is taken to be 1 .0 when the 
ratio "P/T" Is 10, and the figure shows how the output 
changes as the ratio changes. As can be clearly seen 
from Flg.24, when the ratio "P/T" Is near 6.5, the voltage 
output drops suddenly. 

[0138] The thickness "T" of the small clearance be- 
tween the tone wheel and the end surface in the direc- 
tion of magnetic orientation of the pennanent magnet, 
must be at least 0.6 mm. This Is in order to prevent the 
sensor from coming into contact with the tone wheel, 
regardless of elastic deformation and the like of compo- 
nents that occurs while the hub unit is placed In opera- 
tion. 

[0139] Also, the alternately, repeated pitch "P" of the 
South and North poles on the end face in the direction 
of magnetic orientation of the pennanent magnet (this 
is the same as the pitch of the notches fomried around 
the tone wheel) must be at least 3.9 mm (0.6 mm x 6.5) 
in order to obtain sufficient output. If the pitch is too large 
(3.9 mm or more). It Is not possible to increase the 
number of North and South poles In the circumferential 
direction and the number of notches fonned In the tone 
wheel. If It is not possible to increase the number of 
North and South poles and the number of notches in the 
tone wheel, the number of changes in output per each 
revolution becomes less (the interval between output 
changes becomes larger), and thus it becomes Impos- 
sible to know the accurate rpm at slow speeds. In other 
words, the precision of rpm detection decreases. 
[0140] In contrast to this, if a permanent magnet Is 
used whose magnetic orientation does not change In the 
circumferential direction, most of the magnet flux flows 
through the tone wheel even If the pitch of the rotating 
and stationary cutout sections is 3.9 mm or less. As a 
resu It, the characteristics are different from those shown 
in Fig. 24, and there is no sudden decrease In output 
even when the pitch of the notches sections is 3.9 mm 
or less. Also, It is possible to Improve the precision of 
rpm detection by decreasing the pitch In the cutout sec- 
tions. 

[0141] In all of the previously described embodiments 
of the Invention, in order to accurately detect the rpm, It 
is desired that the maximum density of the magnetic flux 
(maximum magnetic flux density) that leaves the end of 
the pemianent magnet and flows toward the stator and 
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tone wheel be at least 1000 Gauss. The reason for this 
is that the sensor, which is part of the rpm detector built 
into the hub unit, is always exposed to external magnetic 
fields and to residual magnetism of the components of 
the hub unit. In orderto know the accurate rpm, tt is nec- 
essary to keep the effects of external magnetic fields 
and residual magnetism as small as possible. 
[0142] The error in pitch of the notches or through- 
holes of the rotating and stationary cutout sections 
should be kept within 1 to 2%. Also, in order to accu- 
rately detect the rpm, it is recommended that the effects 
due to external magnetic fields and residual magnetism 
be kept within 1 to 2%. In regards to this, the residual 
magnetism in the inner ring member and outer ring 
member of the hub unit is normally about 10 gauss, tn 
order to keep the effects of this residual magnetism to 
within 1%, it is necessary that the maximum density of 
the magnetic flux be 1000 Gauss or more. 
[0143] If the magnetic orientation does not change 
around the circumference of the pennanent magnet, no 
real problem occurs even if the maximum magnetic flux 
density is more than 1000 Gauss. In contrast to this if 
the South and North poles alternate around the penna- 
nent magnet, the percentage of magnetic flux flowing 
directly from each of the North poles to the adjacent 
South poles becomes large, and so the output of the 
sensor decreases. Therefore, from this aspect as well, 
in orderto accurately detect the rpm, it is best if the mag- 
netic orientation does not change around the circumfer- 
ence of the permanent magnet. 
[0144] Moreover, in the case of using the annular or 
ring-shaped sensor of this invention, where the whole 
peripheral surface of the sensor is faced to the whole 
peripheral surface to the tone wheel, the output of the 
sensor is very stable regardless of the position of the 
sensor with respect to the tone wheel. In other words, 
in the case of prior art construction as shown in Figs.1 
thru 3, the output of the sensor changes as shown by 
the dotted line "a" in Fig. 1 6 as the position of the sensor 
moves with respect to the tone wheel. In regards to this, 
if a ring-shaped sensor is used, the output of the sensor 
changes as shown by the solid line "b" in Fig. 16 when 
the position of the sensor moves with respect to the tone 
wheel. As can be clearly seen from Fig. 16, by using the 
annular or ring-shaped sensor of this invention, it is pos- 
sible to stabilize the output of the sensor. The reason for 
this is that when the distance between the peripheral 
surface of the sensor and the peripheral surface of the 
tone wheel is large on one side, it is very small on the 
opposite side, and so there is no large effect on the sen- 
sor output as a whole. 

[0145] In all of the embodiments shown in the draw- 
ings, this invention is used in a hub unit which supports 
a free wheel (front wheel for a front engine rear wheel 
drive (FR) vehicle, and rear wheel for a front engine front 
wheel drive (FF) vehicle), and therefore the covers 34 
which support the sensor 35 close off the axially inner 
end. However, this invention is not limited to use in the 



hub unit of a free wheel, but can also be used in the hub 
unit for a driving wheel (rear wheel for a FR vehicle, and 
front wheel for a FF vehicle). When this invention is used 
in the hub unit of a driving wheel, the cover is made ring 

5 shaped, fomning a circular hole for the constant velocity 
joint to be inserted. Also, the hub is cylindrical and a 
female spline is fonned on Its inside peripheral surface 
that matches a male spline on the outside peripheral 
surface of the driving wheel. 

10 [0146] In addition, the present invention can be ap- 
plied to the structure in which the inner ring member is 
stationary to support the sensor and the outer ring mem- 
ber to which the tone wheel is fitted is rotating. 
[0147] The hub unit with rpm detector of this invention, 

IS constructed and used as described above, reduces the 
dimensions in the axial direction, and thus it can be in- 
stalled in the limited space of a compact-sized automo- 
bile, simplifying the vehicle design. l\^oreover, in the 
case of the hub unit with rpm sensor of this invention, 

20 the output of the sensor Is made larger, making it pos- 
sible to improve the accuracy and reliability of detecting 
the rpm of the automobile wheel supported by the rolling 
bearing. 



25 

Claims 

1 . A hub unrt with rotation speed sensor (35) compris- 
ing: 

30 

a stationary outer ring member (9) having an 
opening end portion and an Inside peripheral 
surface that has an outer raceway (8a,8b) 
formed thereon, 

35 a rotatable hub (3) having an outside peripheral 

surface and an axially inner end with a male 
thread portion (16) formed thereon, 
a inner ring member (4) having an axially inner 
end portion and an outside peripheral surface 

40 that has an Inner raceway (2a,2b) fomned ther- 

eon, the inner ring member (4) fittingly fixed to 
the outside peripheral surface of the hub (3), 
a nut (6) screwed on the male thread portion of 
the hub (3) and abutted to the axially inner end 

45 portion of the inner ring member (4) to clamp 

the inner ring member (4) and having an out- 
side peripheral surface, 
a plurality of rolling members (10) located be- 
tween the outer raceway (8a,8b) and the inner 

so raceway (2a,2b), 

a cover (34) fittingly fixed to the outer ring mem- 
ber (9) at the opening end portion thereof and 
having an Inner peripheral surface, 
an annular space defined by the outside periph- 

55 eral surface of the nut (6) and the Inner periph- 

eral surface of the cover (34), 
a rotatable tone wheel (29) made of magnetic 
material, having a peripheral surface and fit- 
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tingly fixed onto the axially inner end portion of 
the Inner ring member (4), 
an annular sensor (35) provided in the annular 
space and supported by the cover (34) so as to 
extend generally along the annular space, and 
comprising an annular permanent magnet (36) 
for producing magnetism, a stator (37) for 
transmitting the magnetism and a coil (38) for 
changing magnetic resistance to electromotive 
force, so that the stator (37) has a peripheral 
surface which is opposed to the peripheral sur- 
face of the tone wheel (29) with a clearance (28) 
therebetween; 

characterized in that 

thetone wheel (29) comprises a cylindrical por- 
tion formed concentric with the inner ring mem- 
ber and having an outside peripheral surface 
and a rotating cutout section with cutouts cir- 
cumferentially evenly spaced apart, 
the permanent magnet (36) of the sensor (36) 
is generally ring-shaped and has a radial mag- 
netic orientation, such that the pennanent mag- 
net (36) has an outside peripheral surface and 
an Inside peripheral surface which is faced to 
the outside peripheral surface of the tone wheel 
(29) with a smalt clearance (28) at at least 0.6 
mm therebetween, 

the stator (37) comprises a cylindrical retaining 
portion (39) part of which is positioned close to 
or abutted to the outside peripheral surface of 
the pennanent magnet (36), and a bent portion 
(40) extending radially inward from the retain- 
ing portion (39) at one end thereof and having 
an inside peripheral portion faced to the rotat- 
ing cutout portion of the tone wheel (29), 
the bent portion (40) has a stationary cutout 
portion having cutouts (41) with the same pitch 
as that in the rotating cutout portion in a circum- 
ferential direction, and 

the coil (38) is formed in a ring-shape and con- 
centric with the inner ring member (4), and pro- 
vided adjacent the stator (37) between the per- 
manent magnet (36) and the bent portion (40). 

2. The hub unit with rotation speed sensor (35) of 
Claim 1 , wherein the stator (37) of the sensor (35) 
has one end coming close to or abutted to the per- 
manent magnet (36) at one end thereof In the direc- 
tion of its magnetization, and the other end coming 
close to one of the tone wheel (29), the magnetic 
Inner ring member (4) and the hub (3), so that a 
closed magnetic circuit is fomned with the stator 
(37), pennanent magnet (36), and tone wheel (29). 

3. The hub unit with rotation speed sensor (35) of 
Claim 2 wherein the pennanent magnet (36) has an 



axial magnetic orientation and axial end faces, 

the stator (37) has a cylindrical portion with end 
portions and an annular portion continuously 
5 connected to one of the end portions of the cy- 

lindrical portion, 

the tone wheel (29) has a rotating cutout portion 
having cutouts spaced apart in a circumferen- 
tial direction with a uniform pitch, 
10 the coil (38) Is provided radially between the 

pennanent magnet (36) and the cylindrical por- 
tion, 

the annular portion of the stator (37) has one 
surface positioned close to or abutted to one of 
15 the axial end faces of the pennanent magnet 

(36), 

at least one of the cylindrical portion and the 
other axial end face of the pennanent magnet 
(36) is opposed to the rotating cutout portion 

20 with a small clearance therebetween, while the 

other of the cylindrical portion and the other ax- 
ial end face of the pennanent magnet (36) is 
close to and opposed to one of the tone wheel 
(29), the inner ring member (4) to which the 

25 tone wheel (29) is fixed and the hub (3), 

the other end portion of the cylindrical portion 
has a stationary cutout portion having cutouts 
spaced apart in a circumferential direction with 
a unifomn pitch, such that the number of thesta- 

30 tionary cutouts is the same to that of the rotating 

cutouts, and that the other end of the cylindrical 
portion is opposed to the rotating cutout portion 
for detecting with a small clearance therebe- 
tween. 

35 

4. The hub unit with rotation speed sensor (35) of any 
one of Claims 1 to 3 wherein the pitch of the cutouts 
is up to 3.9 mm in the stationary and rotating cutout 
portions. 

40 

5. The hub unit with rotation speed sensor (35) of an- 
yone of Claims 1 to 4 wherein the maximum mag- 
netic flux density through the stator (37) and the 
tone wheel (29) from one end face In the magnetic 

45 orientation of the pennanent magnet is at least 1 000 
Gauss. 

6. The hub unit with rotation speed sensor (35) of 
Claim 2 wherein the pennanent magnet (36) has an 

50 axial magnetic orientation and axial end faces, 

the stator (37) has a cylindrical portion with end 
portions and an annular portion continuously 
connected to one of the end portions of the cy- 
55 lindrical portion, 

the tone wheel (29) has a rotating cutout portion 
having cutouts, spaced apart in a circumferen- 
tial direction with a unifomn pitch, 
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the coil (38) is provided radially between the 
pemnanent magnet (36) and the cylindrical por- 
tion, 

the annular portion of the stator (37) has one 
surface positioned dose to or abutted to one of 5 
the axial end faces of the pemnanent magnet 
(36). 

at least one of the cylindrical portion and the 
other axial end face of the penmanent magnet 
(36) is opposed to the rotating cutout portion io 
with a small clearance therebetween, while the 
other of the cylindrical portion and the other ax- 
ial end face of the permanent magnet is close 
to and opposed to one of the tone wheel (29), 
the inner ring member (4) to which the tone is 
wheel (29) is fixed and the hub (3), 
the other axial end face of the pemnanent mag- 
net (36) is opposed to the rotating cutout por- 
tion for detecting with a small clearance there- 
between, 20 
the pemfianent magnet (36) has S and N poles 
In the circumferential direction alternatively and 
evenly fonned on the other axial end face, such 
that the number of the S and N poles on the 
other axial end face is the same so that of the 25 
cutouts In the rotating cutout portion for detect- 
ing. 

The hub unit with rotation speed sensor (35) of 
Claim 3 wherein the pemnanent magnet (36) has a 30 
radial magnetic orientation and outside and inside 
peripheral surfaces, 

the tone wheel (29) has a rotating cutout portion 
having cutouts spaced apart in a circumferen- 35 
tial direction with a unlfomi pitch, 
the stator (37) comprises a pair of first and sec- 
ond stator portions provided concentric with 
each other and having axial end portions, 
the first stator portion has an inside peripheral 40 
surface at an axial one end portion which is 
close to or abutted to the outside peripheral sur- 
face of the pemianent magnet (36), 
the second stator portion has an outside periph- 
eral surface at an axial one end portion which 45 
is close to or abutted to the inside peripheral 
surface of the permanent magnet (36), 
at least one of the stator portions has a station- 
ary cutout portion at the other end portion there- 
of so as to have cutouts formed with a unifomri so 
pitch in a circumferential direction, such that the 
number of the cutouts in the stationary cutout 
portion Is the same to that of those in the rotat- 
ing cutout portion in the tone wheel (29), and 
the other end portion of the stator (37) is op- S5 
posed to the rotating cutout portion with a small 
clearance therebetween. 



8. The hub unit with rotation speed sensor (35) of 
Claim 1 , wherein the tone wheel (29) has a cylindri- 
cal cutout portion for detecting, 

the sensor (35) has a permanent magnet (36) 
and a coil (38) radially adjacent the permanent 
magnet (36), and 

the permanent magnet (36) is a plastic magnet 
having a thickness In cross section up to 3.5 
mm. 

9. The hub unit with rotation speed sensor (35) of 
Claim 1 , wherein the tone wheel (29) has an edge, 
and the sensor (35) has a portion axially displaced 
from the edge of the tone wheel (29). 



Patentanspriiche 

1. Nabeneinheit mit einem Rotationsgeschwindig- 
keltssensor (35), umfassend: 

ein stationares auBeres Ringelement (9), das 
einen Offnungsendbereich und eine Innenum- 
fangsoberflache hat, auf der ein auBerer Lauf- 
rlng (8a, 8b) gebildet 1st, 

eine drehbare Nabe (3), die eine auBere Um- 
fangsoberflache hat und ein axiales inneres 
Ende mit einem mannlichen Gewindebereich 
(16) darauf gebildet hat, 

ein Inneres Ringelement (4), das einen axial in- 
neren Endbereich und eine auBere Umfangs- 
oberflache hat, auf der ein innerer Lauf ring (2a, 
2b) darauf gebildet hat, wobei das innere Rin- 
gelement (4) passend an der auBeren Um- 
fangsoberflSche der Nabe (3) befestigt 1st, 

eine Mutter (6), die auf dem mannlichen Gewin- 
debereich der Nabe (3) geschraubt ist und ge- 
gen den axialen inneren Endbereich des inne- 
ren RIngetements (4) stoBt, so dass das Innere 
Ringelement (4) geklemmt wird, und die eine 
auBere Umfangsoberflache hat, 

eine Vielzahl von Walzkdrpern (10), die zwi- 
schen dem siuBeren Laufring (8a, 8b) und dem 
inneren Laufring (2a, 2b) positloniert sind, 

eine Ummantelung (34), die passend an dem 
auBeren Ringelement (9) an dessen Offnungs- 
endbereich befestigt ist und eine Innere Um- 
fangsoberflache hat, 

einen ringfonnigen Raum, der durch die auBere 
Umfangsoberflache der Mutter (6) und die in- 
nere Umfangsoberflache der Ummantelung 
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(34) definiert wird, 

ein drehbares Stimmrad (29), das aus magne- 
tischem Material gefertigt ist, das eine Um- 
fangsoberfldche hat und passend auf dem s 
axialen inneren Endbereich des inneren Ringe- 
lements (4) befestigt Ist, 

einen hhgformigen Sensor (35), der in dem 
ringfomriigen Raum vorgesehen ist und durch io 
die Umnnantelung (34) gestutzt wird, so dass er 
sich im wesentlichen entlang des ringformigen 
Raums erstreckt, und der einen ringformigen 
Dauennagnet (36) zum Erzeugen von Magne- 
tlsmus umf asst, einen Stator (37) zum Ubertra- is 
gen des Magnetismus und eine Spule (38) zum 
Andern des magnetischen Widerstands gegen- 
iiber elektromotorisclier Kraft, so dass der Sta- 
tor (37) eine Umfangsoberflache hat, die der 
Umfangsoberflache des Stimmrads (29) mit el- 20 
nem Zwischenraum (28) dazwischen gegen- 
uberiiegt; 

dadurch gekennzelchnet, dass 

25 

das Stimmrad (29) einen zylindrischen Bereich 
umfasst, der konzentrisch zu dem Inneren Rin- 
geiement geformt Ist und eine au3ere Um- 
fangsoberflache hat und einen sich drehenden 
Ausschnittsabschnitt mit Ausschnitten, die in 30 
Umfangsrichtung glelchma3ig beabstandet 
sind, 

der Dauermagnet (36) des Sensors (35) im we- 
sentlichen ringfonnig ist und eine radiale ma- 35 
gnetische Ausrichtung hat, so dass der Dauer- 
magnet (36) eine aulBere Umfangsoberflache 
und eine innere Umfangsoberfldche hat, die in 
Richtung auf die au3ere Umfangsoberflache 
des Stimmrads (29) mit einem kleinen Zwi- 40 
schenraum (28) von mindestens 0,6 mm dazwi- 
schen gerichtet Ist, 

der Stator (37) einen zylindrischen Zurtickhai- 
teberelch (39) umfasst, von dem ein Tell nahe 45 
an der auBeren Umfangsflache des Dauenna- 
gneten (36) position iert ist Oder gegen sie 
stof^, und einen gebogenen Bereich (40), der 
sich radial nach innen von dem ZurQckhaltebe- 
reich (39) an dessen eInem Ende erstreckt und so 
einen inneren Umfangsbereich hat, der in Rich- 
tung auf den sich drehenden Ausschnlttsbe- 
reich des Stimmrads (29) gerichtet ist, 

der gebogene Bereich (40) einen station^ren ss 
Ausschnittsbereich hat, der Ausschnitte (41) 
mit dem gleichen Abstand wie demjenigen in 
dem sich drehenden Ausschnittsbereich In ei- 



ner Umfangsrichtung hat, und 

die Spule (38) in einer ringfomriigen Gestalt ge- 
fomnt ist und konzentrisch zu dem inneren Rin- 
geiement (4) und neben dem Stator (37) zwI- 
schen dem Dauermagnet (36) und dem gebo- 
genen Bereich (40) vorgesehen ist. 

2. Nabenelnheit mit einem Rotatlonsgeschwindlg- 
keitssensor (35) nach Anspruch 1 , wobel der Stator 
(37) des Sensors (35) ein Ende nahe an den Dau- 
emiagnet (36) hat oder gegen diesen stoBt an ei- 
nem Ende davon in der Richtung seiner IVlagneti- 
sierung, und das andere Ende nahe an entweder 
das Stimmrad (29), das magnetische innere Ringe- 
lement (4) und/oder die Nabe (3)kommt, so dass 
ein geschiossener magnetischer Kreis mit dem Sta- 
tor (37), dem Dauermagnet (36) und dem Stimmrad 
(29) geformt wird. 

3. Nabenelnheit mit einem Rotatlonsgeschwindig- 

keitssensor (35) nach Anspmch 2, wobei der Dau- 
ennagnet (36) eine axiaie magnetische Ausrich- 
tung und axiaie Endflachen hat, 

der Stator (37) einen zylindrischen Bereich mit 
Endberelchen und einem ringformigen Bereich 
hat, der kontinuleriich mit einem der Endberel- 
che des zylindrischen Beretehs veri3unden ist, 

das Stimmrad (29) einen sich drehenden Aus- 
schnittsbereich hat, der beabstandete Aus- 
schnitte In eIner Umfangsrichtung mit einem 
gleichmaBigen Abstand hat, 

die Spule (38) radial zwischen dem Dauerma- 
gnet (36) und dem zylindrischen Bereich vor- 
gesehen Ist, 

der ringfonnige Bereich des Stators (37) eine 
Oberilache nahe an einer der axialen Endfla- 
chen des Dauennagneten (36) posltioniert hat 
Oder gegen sie stoBt, 

mindestens entweder der zyiindrische Bereich 
Oder die andere axiaie Endflache des Dauer- 
magnet (36) gegenuber dem sich drehenden 
Ausschnittsbereich mit einem kleinen Zwi- 
schenraum dazwischen Ist, wobei das andere 
Element aus dem zylindrischen Bereich und 
der anderen axialen Endflache des Dauerma- 
gnet (36) nahe an und gegenuber dem Stimm- 
rad (29), dem Inneren Ringelement (4), an dem 
das Stimmrad (29) befestigt Ist, und der Nabe 
(3) ist, 

der andere Endbereich des zylindrischen Be- 
reichs einen statlonSren Ausschnittsbereich 
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hat, der Ausschnitte hat, die in einer Umfangs- 
richtung mit einem gleichmaBigen Abstand be- 
abstandet sind, so dass die Anzahl der statio- 
naren Ausschnitte die gleiche 1st wie diejenlge 
der sich drehenden Ausschnitte, und dass das 5 
andere Ende des zylindrischen Bereichs ge- 
genCiber denn sich drehenden Ausschnittsbe- 
reich ist, um mit einem Icleinen Zwischenraum 
dazwischen zu erfassen. 

10 

Nabeneinheit mit einem Rotationsgeschwindig- 
l<eitssensor (35) nach einem der Anspriiche 1 bis 

3, wobei der Abstand der Ausschnitte bis zu 3,9 mm 
in den stationaren und sich drehenden Ausschnttts- 
bereich ist. is 

Nabeneinheit mit einem Rotationsgeschwindig- 
keitssensor (35) nach einem der Anspriiche 1 bis 

4, wobei die maximale magnetische Flussdichte 
durch den Stator (37) und das Stimmrad (29) von 20 
einer Endflache in der magnetischen Ausrichtung 
des Dauermagnet mindestens 1000 Gauss ist. 

Nabeneinheit mit einem Rotationsgeschwindig- 
keitssensor (35) nach Anspruch 2, wobei der Dau- 25 
emiagnet (36) eine axiaie magnetische Ausrich- 
tung und axiaie Endflachen hat, 

der Stator (37) einen zylindrischen Bereich hat 
mit Endbereichen und einen ringfomnigen Be- 30 
reich, der Icontinulerlich mit einem der Endbe- 
. reiche des zylindrischen Bereichs verbunden 
ist, 

das Stimmrad (29) einen sich drehenden Aus- 35 
schnittsberelch hat, der Ausschnitte hat, die in 
einer Umfangsrichtung mit einem gleichmaBi- 
gen Abstand beabstandet sind, 

die Spule (38) radial zwischen dem Dauenma- 40 
gnet (36) und dem zylindrischen Bereich vor- 
gesehen ist, 

der ringfomriige Bereich des Stators (37) eine 
Oberflache hat, die nahe an der einen der axia- 45 
len Endflachen des Dauennagnets (36) positio- 
niert ist oder gegen sie stoBt, 

mindestens entweder der zyiindrische Bereich 
Oder die andere axiaie Endftache des Dauer- $0 
magnet (36) gegenuber dem sich drehenden 
Ausschnittsbereich mit einem kleinen Zwi- 
schenraum dazwischen ist, wobei das andere 
Element aus dem zylindrischen Bereich und 
der anderen axialen EndfiSche des Dauemna- ss 
gneten nahe an und gegenuber von entweder 
dem Stimmrad (29), dem Inneren Ringelement 
(4), an dem das Stimmrad (29) befestigt ist, 



Oder der Nabe (3) ist, 

die andere axiaie Endflache des Dauennagne- 
ten (36) gegenuber dem sich drehenden Aus- 
schnittsbereich ist, um mit einem kleinen Zwi- 
schenraum dazwischen zu erfassen, 

der Dauermagnet (36) S und N Pole in der Um- 
fangsrichtung hat, die alternativ und gietchma- 
Big auf der anderen axialen Endflache geformt 
sind, so dass die Anzahl der S und N Pole auf 
der anderen axialen Endflache gleich zu der 
der Ausschnitte in dem sich drehenden Aus- 
schnittsbereich zum Erfassen ist. 

7. Nabeneinheit mit einem Rotationsgeschwindig- 
keitssensor (35) nach Anspruch 3, wobei der Dau- 
ennagnet (36) eine radiale magnetische Ausrich- 
tung und auBenseitige und innenseltige Umfangs- 
oberflachen hat, 

das Stimmrad (29) einen sich drehenden Aus- 
schnittsbereich hat, der in einer Umfangsrich- 
tung beabstandete Ausschnitte mit einem 
gleichmaBigen Abstand hat, 

der Stator (37) ein Paar aus einem ersten und 
zwerten Statorbereich umfasst, die konzen- 
trisch zueinander vorgesehen sind und axiaie 
Endbereiche haben, 

der erste Statorbereich eine innere Umfangs- 
oberflache an einem axialen Endbereich hat, 
der nahe an der auBeren Umfangsoberflache 
des Dauennagnets (36) Ist Oder gegen sie 
stoBt, 

der zweite Statorbereich eine SuBere Um- 
fangsoberflache an einem axialen Endbereich 
hat, der nahe an der inneren Umfangsoberfla- 
che des Dauennagnet (36) ist oder gegen sie 
StoBt, 

mindestens einer der State rbereiche einen sta- 
tionaren Abschnittsbe reich an seinem anderen 
Endbereich hat, so dass Ausschnitte mit einem 
gleichmaBigen Abstand in einer Umfangsrich- 
tung gefonnt sind, so dass die Anzahl der Aus- 
schnitte in dem stationaren Ausschnittsbereich 
gleich derjenigen von den Ausschnitten in dem 
sich drehenden Ausschnittsbereich in dem 
Stimmrad (29) ist, und 

der andere Endbereich des Stators (37) gegen- 
uber dem sich dem drehenden Ausschnittsbe- 
reich mit einem kleinen Zwischenraum dazwi- 
schen positioniert ist. 



17 



33 



EP0 693 689 B1 



34 



Nabeneinheit mit einem Rotationsgeschwindig- 
keitssensor (35) nach Anspruch 1 , wobei das 
Stimmrad (29) einen zylindrischen Ausschnittsbe- 
reich zum Erfassen hat, 

der Sensor (35) einen Dauermagnet (36) und 
eine Spule (38) hat, die radial neben dem Dau- 
ermagnet (36) sind, und 

der Dauenmagnet (36) ein plastischer Magnet 
1st. der eine Dicl<e im Querschnitt bis zu 3,5 mm 
hat. 

Nabeneinheit mit einem Rotationsgeschwindig- 
Iceltssensor (35) nach Anspruch 1, wobei das 
Stimmrad (29) einen Rand hat und der Sensor (35) 
einen Bereich hat, der axial vom Rand des Stimm- 
rads (29) versetzt ist. 
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tion (34), 

une roue code use rotative (29) faite de mat6- 
riau magnetique, presentant une surface peri- 
ph^rique et 6tant fixee de fa^on ajust6e sur la 
partie d'extr6mit§ axiaiement int^rleure de i'6i6- 
ment annulalre int^rieur (4), 
un capteur annulaire (35) dispose dans i'espa- 
ce annulaire et supports par le couvercle de 
protection (34) defagon ^s'^tendre d'unefagon 
g§n6rale le long de I'espace annulaire, et com- 
prenant un almant permanent annulaire (36) 
destine k produire un magn6tisme, un stator 
(37) destin6 k transmettre le magn6tisme et 
une boblne (38) destinee k transformer la re- 
sistance magnetique en force 6lectromotrice, 
de sorte que le stator (37) a une surface p6ri- 
pherique qui est face k la surface p6riph6rique 
de la roue codeuse (29) avec un .jeu (28) entre 
celles-cl, 

caracterlse en ce que 



1. Ensemble de moyeu muni d'un capteur de Vitesse 
de rotation (35) comprenant : 

25 

un element annulaire ext^rleurfixe (9) compor- 
tant une partie d'extr^mltd d'ouverture et une 
surface peripherique Int6rleure qui comporte 
un chemin de roulement (8a, 8b) fornix sur cel- 
le-ci, 30 
un moyeu rotatif (3) presentant une surface pe- 
ripherique exterieure et une extremite axiaie- 
ment Interieure munle d'une partie de flletage 
male (1 6) fomi6e sur ceile-ci, 
un element annulaire interieur (4) comportant 35 
une partie d'extremite axiaiement interieure et 
une surface peripherique exterieure qui com- 
porte un chemin de roulement interieur (2a, 2b) 
fomi6 sur celle-ci, I'6l6ment annulaire interieur 
(4) etant fixe de fagon ajustee sur ia surface pe- 40 
ripherique exterieure du moyeu (3), 
un ecrou (6) visse sur la partie flletee mdle du 
moyeu (3) et venant en prise sur la partie d'ex- 
tremite axiaiement interieure de i'eiement an- 
nulaire interieur (4) pour serrer i'eiement annu- 45 
iaire interieur (4) et presentant une surface pe- 
ripherique exterieure, 

une pluralite d'eiements roulants (1 0) situes en- 
tre le chemin de roulement exterieur (8a, 8b) et 
le chemin de roulement interieur (2a, 2b), so 
un couvercle de protection (34) fixe de fa^on 
ajustee sur I'eiement annulaire exterieur (9) au 
niveau de la partie d'extremite d'ouverture de 
celui-cl et presentant une surface peripherique 
interieure, 55 
un espace annulaire detini par la surface peri- 
pherique exterieure de I'ecrou (6) et la surface 
peripherique interieure du couvercle de protec- 



la roue codeuse (29) comprend une partie cy- 
lindrique reaiisee de fagon concentrique avec 
I'eiement annulaire interieur et presentant une 
surface peripherique exterieure et une section 
decoupee rotative comprenant des decoupes 
espacees regulidrement sur la circonference, 
I'aimant permanent (36) du capteur (35) est ge- 
neralement en forme d'anneau et pr6sente une 
orientation magnetique radiale, de sorte que 
I'aimant permanent (36) a une surface periphe- 
rique exterieure et une surface peripherique in- 
terieure qui fait face k ia surface p6 ripherique 
exterieure de la roue codeuse (29) avec un fai- 
ble jeu (28) d'au moins 0,6 mm entre celles-ci, 
le stator (37) comprend une partie de retenue 
cylindrique (39) dont une partie est positlonnee 
k proximlte de !a surface peripherique exterieu- 
re de I'aimant permanent (36) ou vient s'ap- 
puyer sur celle-ci, et une partie coudee (40) 
s'etendant radiaiement vers I'interieur depuis la 
partie de retenue (39) k une premiere extremite 
de celle-ci et ayant une partie peripherique in- 
terieure face k ia partie decoupee rotative de la 
roue codeuse (29), 

la partie coudee (40) comprend une partie de- 
coupee fixe comportant des decoupes (41), 
presentant le mime pas que celul dans la partie 
decoupee rotative dans une direction circonfe- 

rentielte, et 

la bobine (38) est formee suivant une fonne 
d'anneau et est concentrique de I'eiement an- 
nulaire interieur (4), et est disposee de fagon 
adjacente au stator (37) entre i'aimant perma- 
nent (36) et ia partie coudee (40). 

2. Ensemble de moyeu comprenant un capteur de vi- 
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tesse de rotation (35) selon la revendication 1 , dans 
lequel le stator (37) du capteur (35) pr6sente une 
extr6mit6 venant h proximity de I'aimant permanent 
(36) ou venant s'appuyer sur celui-ci k une premiere 
extr^mitd de celui-ci dans la direction de son aiman- 5 
tation, et I'autre extr6mit6 venant k proximit6 de I'un 
parmi la roue codeuse (29), r6l6ment annulaire in- 
t^rieur magndtlque (4) et le moyeu (3), de sorte 
qu'un circuit magn6tique femn§ est forme avec ie 
stator (37), I'aimant pemnanent (36) et la roue co- io 
deuse (29). 

Ensemble de moyeu comprenant un capteur de Vi- 
tesse de rotation (35) selon la revendication 2, dans 
lequel Taimant permanent (36) pr§sente une orlen- 
tation magnStlque axiaie et des faces d'extrdmit6 
axiales, 

le stator (37) comprend une partle cylindrique 
avec des parties d'extr^mit^ et une partle an- 20 
nulaire relive dans le prolongement de I'une 
des parties d'extr^mite de la partle cylindrique, 
la roue codeuse (29) comprend une partle de- 
coupee rotative comportant des decoupes es- 
pacees dans une direction circonferentieile 25 
avec un pas unlforme, 

la bobine (38) est dlspos^e radiaiement entre 
I'aimant pemnanent (36) et la partle cylindrique, 
la partle annulaire du stator (37) presente une 
surface positionn^e k proximity de I'une des fa- 30 
ces d'extr6mit6 axiales de I'aimant pemnanent 
(36) ou venant s'appuyer sur celle-ci, 
au moins I'une pamni la partle cylindrique et 
I'autre face d'extr6mit6 axiaie de I'aiment per- 
manent (36) est face k la partle d6coup6e ro- 55 
tative avec un faible jeu entre celles-ci, tandls 
que I'autre panni la partie cylindrique et I'autre 
face d'extremite axiaie de I'aimant permanent 
(36) est proche de I'un parmi ia roue codeuse 
(29), I'element annulaire Interleur (4) sur lequel 40 
la roue codeuse (29) est fixde et le moyeu (3), 
et est face k celui-ci, 

I'autre partle d'extrdmitd de la partle cylindrique 
pr6sente une partie d6coup6e fixe comportant 
des decoupes espacees dans une direction cir- 45 
conferentielle avec un pas unifonne, de sorte 
que le nombre des decoupes fixes est ie meme 
que celul des dtooupes rotatives, et que I'autre 
extr6mit6 de la partie cylindrique est face k la 
partie d6coup6e rotative destin^e a la detection so 
avec un faible jeu entre celles-ci. 

Ensemble de moyeu comprenant un capteur de ro- 
tation (35) selon I'une quelconque des revendica- 
tions 1 k 3, dans lequel le pas des decoupes va jus- ss 
qu*k 3,9 mm dans les parties d^oup6es fixes et ro- 
tatives. 



5. Ensemble de moyeu comprenant un capteur de Vi- 
tesse de rotation (35) selon I'une quelconque des 
revendications 1 k 4, dans lequel ia density de flux 
magn§tique maximum dans le stator (37) et la roue 
codeuse (29) depuis une face d'extr6mit6 sulvant 
I'orientatlon magn^tique de I'aimant pemnanent est 
d'au moins 1 000 Gauss. 

6. Ensemble de moyeu comprenant un capteur de Vi- 
tesse de rotation (35) selon la revendication 2, dans 
lequel I'aimant pemnanent (36) prdsente une orien- 
tation magn^tique axiaie et des faces d'extr6mit6 

axiales, 

le stator (37) presente une partie cylindrique 
avec des parties d'extr^mltS et une partie an- 
nulaire relive dans le prolongement de I'une 
des parties d'extremite de la partie cylindrique, 
la roue codeuse (29) comprend une partie d6- 
coup^e rotative comportant des d^oupes es- 
pacees dans une direction circonferentieile 
avec un pas uniforme, 

la bobine (38) est disposde radiaiement entre 
I'aimant permanent (36) et ia partie cylindrique, 
la partie annulaire du stator (37) a une surface 
posltionn^e k proximity de i'une des faces d'ex- 
tremite axiales de I'aimant permanent (36) ou 
venant s'appuyer sur celle-cl, 
au moins I'une pamni la partie cylindrique et 
I'autre face d'extremite axiaie de I'aimant per- 
manent (36) est face k la partie decoupee ro- 
tative avec un faible jeu entre celles-ci, tandls 
que I'autre parmi la partie cylindrique et I'autre 
face d'extremite axiaie de I'aimant permanent 
est proche de I'un parnii la roue codeuse (29), 
I'aimant annulaire interleur (4) sur lequel la roue 
codeuse (29) est fixee et le moyeu (3), et est 
face a celui-ci, 

I'autre face d'extremite axiaie de I'aimant per- 
manent (36) est face a la partie decoupee ro- 
tative destlnee k la detection avec un faible jeu 
entre celles-ci, 

I'aimant pemnanent (36) comprend des pdles S 
et N dans la direction circonferentieile, formes 
en altemance et regulierement sur I'autre face 
d'extremite axiaie, de sorte que le nombre des 
poles S et N sur i'autre face d'extremite axiaie 
est ainsi le m§me que celui des decoupes dans 
la partie decoupee rotative destinee k la detec- 
tion. 

7. Ensemble de moyeu comprenant un capteur de Vi- 
tesse de rotation (35) selon la revendication 3, dans 
lequel I'aimant pemnanent (36) presente une orien- 
tation magnetique radiale et des surfaces periphe- 
riques exterieure et interieure, 

la roue codeuse (29) presente une partie de- 
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coupee rotative comportant des d^coupes es- 
pac^es dans une direction circonf^rentielle 
avec un pas uniforme, 

le stator (37) comprend une paire de premiere 
et seconde parties de stator disposdes de fa- s 
gon concentrique i'une de i'autre et comportant 
des parties d'extr6mit6 axiales, 
la premiere partie de stator pr^sente une sur- 
face p^riphdrique int^rieure au niveau d'une 
premi&re partie d'extr6mit6 axiale qui est pro- io 
Che de la surface p^riph^rique ext^rleure de 
I'aimant permanent (36) ou vient s'appuyer sur 
celle-ci, 

la seconde partie de stator pr^sente une surfa- 
ce p^riph^rique extdrieure au niveau d'une pre- is 
mi6re partie d'extr^mit^ axiale qui est proche 
de la partie p§riph6rique int§rieure de i'aimant 
permanent (36) ou vient s'appuyer sur celle-cl, 
au moins I'une des parties de stator comprend 
une partie d6coup6e fixe au niveau de I'autre 20 
partie d'extr6mit6 de celul-cl, de fagon k avoir 
las decoupes fonn6es avec un pas unifomne 
dans une direction c(rconf6rentielle, de sorte 
que le nombre des ddcoupes dans la partie 66- 
coupee fixe est le meme que celui de celles 25 
dans la partie d§coup6e rotative dans la roue 
codeuse (29), et 

I'autre partie d'extr§mit6 du stator (37) est face 
k la partie d^coup^e rotative avec un faible jeu 
entre celles-ci. 30 

Ensemble de moyeu comprenant un capteur de Vi- 
tesse de rotation (35) selon la revendication 1 , dans 
lequel la roue codeuse (29) comprend une partie 
d6coup6e cylindrique destln^e k la detection, 35 

le capteur (35) comprend un aimant permanent 
(36) et une bobine (38) radialement adjacente 
k I'aimant permanent (36), et 
I'aimant permanent (36) est un aimant piastl- 40 
que pr^sentant une 6paisseur en section trans- 
versale ailant jusqu'^ 3,5 mm. 

Ensemble de moyeu comprenant un capteur de Vi- 
tesse de rotation (35) selon la revendication 1 , dans <5 
lequel la roue codeuse (29) presente un bord, et le 
capteur (35) comporte une partie d^plac^e axiaie- 
ment par rapport au bord de la roue codeuse (29). 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 7 
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FIG. 9 
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FIG. 11 
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FIG. 18 
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